Computational Tools for Predicting and Studying Redox Potentials of Metalloproteins  by Ichiye, Toshiko
490a Tuesday, February 5, 20132501-Pos Board B520
Redox Sensor-Like Behavior in the Human [2Fe-2S] Binding Protein
Mitoneet
Daniel W. Bak, Sean J. Elliott.
Boston University, Boston, MA, USA.
MitoNEET, a novel 3-Cys, 1-His ligated redox active [2Fe-2S] cluster binding
protein, is found at the cytosolic face of the outer mitochondrial membrane in
humans. While its biological function remains unclear, mitoNEET is of interest
due to its interaction with the anti-diabetes drug pioglitazone, a member of the
TZD drug family. Here, a characterization of both drug binding and the unique
ligand environment are presented. Midpoint potentials of the mitoNEET [2Fe-
2S] cluster are reported based on protein film voltammetry measurements. The
potential of the mitoNEET cluster is 0 mV at pH 7, where upon binding of pio-
glitazone the potential is markedly reduced to100 mV. This is one of the first
reports of PFV being used to monitor drug binding. Due to its unique His-ligand
and conserved hydrogen bonding networks the mitoNEET cluster demonstrates
unusual proton coupled-electron transfer as well as marked cluster instability
below neutral pH. Through a series of site-directed mutations both of these phe-
nomena have been examined, demonstrating a) the presence of multiple sites of
protonation that affect cluster midpoint potential, b) the cluster destabilizing af-
fect of oxidation, protonation, and the presence of conserved residues His-87
and Lys-55, and c) the reversible loss of structure concomitant with cluster
loss. The conservation of residues that reduce cluster stability, suggest a phys-
iological role for cluster loss and lead to a putative model, in which mitoNEET
may sense cellular oxidation state, proton concentration, and iron levels.
Changes in MitoNEET cluster binding may mediate either cluster transfer or
additional signaling events within the cell.
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Computational Tools for Predicting and Studying Redox Potentials of
Metalloproteins
Toshiko Ichiye.
Georgetown University, Washington, DC, USA.
User-friendly computational tools for predicting and analyzing redox potentials
E of metalloproteins are being developed in CHARMMing, a web-based inter-
face. The basis is the relation -nFE = DG, where DG is the free energy of the
reduction of the protein, which contains contributions from the inner and outer
spheres, DGin and DGout, respectively. This tool contains a library of DGin and
redox site partial charges, calculated for different redox sites using density
functional theory (DFT) and double-z basis sets, but allows the user to upload
a protein structure from the Protein Data Bank and perform a Poisson-
Boltzmann (PB) continuum electrostatic calculation of DGout. Additional func-
tions are being added, including methods to predict site-specific mutations to
alter redox potentials. So far, only iron-sulfur redox sites have been imple-
mented, but other redox sites are being added.
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Interaction of the Light-Activated Photosynthetic Reaction Centers with
the BC1 Complex from Rhodobacter Sphaeroides followed by Surface-
Enhanced Infrared-Absorption Spectroscopy
Renate L. Naumann1, Vedran Nedelkovski1, Andreas Schwaighofer1,
Colin Wraight2, Anthony Crofts2, Christoph Nowak1.
1AIT Austrian Institute of Technology GmbH, Vienna, Austria, 2University
of Illinois, Urbana, IL, USA.
Co-reconstitution of photosynthetic reaction centers (RCs) with bc1 complexes,
both from Rb. Sphaeroides, has been investigated using surface-enhanced IR-
absorption spectroscopy (SEIRAS) in the ATR configuration. Surface-
enhancement is achieved by a thin nano-structured gold film present on the sur-
face of an ATR crystal. The proteins were simultaneously immobilized as
a monolayer on the gold film via His-tag technology and subsequently co-
reconstituted into a lipid bilayer by in-situ dialysis. Steady-state light-minus-
dark absorbance spectra were recorded, indicating the excitation of the special
pair as well as alterations of quinone/quinol species. Band assignment was fa-
cilitated by co-reconstitution of liposoluble Q10 into the lipid phase. Changes of
the SEIRA spectra were observed, particularly after addition of cytochrome c,
indicating the interaction of the RC with the bc1 complex via the quinone/qui-
nol pool.
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Substrate Binding at the Qo-Site of the Bacterial Cytochrome bc1 Complex
Predicted by Atomistic Molecular Dynamics Simulations
Pekka A. Postila1, Karol Kaszuba1, Marcin Sarewicz2, Artur Osyczka2,
Ilpo Vattulainen1, Tomasz Ro´g1.
1Tampere University of Technology, Tampere, Finland, 2Jagiellonian
University in Krakow, Krakow, Poland.Cytochrome (cyt) bc1 complex is a crucial part of the respiratory chain that sat-
isfies the energy needs of a variety of organisms ranging from bacteria to hu-
mans. The membrane protein dimer contains two substrate-binding pockets,
Qo- and Qi-sites, where energy sustaining electron and proton transfer take
place. In this study, we determine the binding modes of two substrate forms,
quinol and quinone, at the Qo-site. Accordingly, the entire cyt bc1 complex
of photosynthetic bacterium Rhodobacter capsulatus embedded in a lipid bila-
yer and immersed in explicit solvent was studied using atomistic molecular dy-
namics simulations. The two substrate forms aligned themselves very similarly
inside the Qo-site during the simulations; however, there were noticeable differ-
ences especially in interactions associated with water. The modeling data sug-
gest that water molecules play an important role in the quinol binding at the Qo-
site although solvent is not involved in the case of quinone. Moreover, a highly
coordinated water molecule assured close association between cyt b and iron
sulfur protein subunits in addition to hydrogen bonding with quinol. Prior to
this study the binding interactions of the substrate quinol/quinone at the Qo-
site have been largely unknown, thus this is the first real case where the related
phenomena have been depicted at atomistic level. These simulation results are
expected to lead into new innovations regarding the electron/proton transfer
steps, short-circuit suppression mechanism and free radical generation at the
Qo-site in future studies.
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The K Proton-Channel of C-Family O2 Reductase from Vibrio Cholerae
Young Ahn.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
The heme-copper oxygen reductases are integral membrane proteins that reduce
O2 towater, producing an electrochemical proton gradient across themembrane.
Nearly all organisms that depend on aerobic respiration have a proper function-
ing heme-copper oxygen reductase for their survival. There are 3 major families
of these enzymes, called theA, B and C-families. Several human pathogens con-
tain a C-family O2 reductase, also known as a cbb3 oxidase, as the lone oxygen
reductase in their respiratory chains. This enzyme is, therefore, an attractive drug
target. X-ray crystallography and site-directed mutagenesis studies have shown
that C-family O2 reductase contains only one proton input channel (K-channel
analogue) to transfer protons forO2 reduction chemistry aswell as proton pump-
ing. In this work we examine mutations in the K-channel analogue of the cbb3
oxygen reductase from Vibrio cholerae with particular focus on identification
of the entrance of the channel. The X-ray structure of the cbb3 oxidase from
Pseudomonas stutzeri indicates that the highly conserved glutamic acid E49III
(V. cholerae numbering) within CcoP (subunit III) is a plausible candidate for
the entrance of the K-channel analogue. It is shown in the current work that
the replacement of this glutamic acid by alanine (E49IIIA) strongly inhibits ox-
idase activity. This indicates that the entrance of the K-channel analogue of the
cbb3 oxygen reductase from V. cholerae is the surface-exposed glutamic acid
E49 in CcoP. Following this entrance residue, the majority of residues lining
the K-channel analogue are located in subunit I. Mutations in many of these res-
idues also inhibit oxygen reductase activity.
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Extremophile Enzymatic DNA Repair
Sudipto Munshi, Robert J. Stanley.
Temple University, Philadelphia, PA, USA.
Flavin adenine dinucleotide (FAD) - dependent DNA photolyase repairs UV-
damaged DNA by a photo-induced electron transfer reaction, the rate constant
of which is exponentially dependent on temperature. However, how this
process is adapted to function in extremophiles, inhabiting thermally extreme
environments, is currently unknown. To study the temperature dependence of
biological electron transfer under extreme conditions, we have produced
recombinant DNA photolyases in E.coli from two extremophiles: Sulfolobus
solfataricus, a hyperthermophilic archaeon (rSsPL) and Colwellia psychrery-
thraea, a psychrophilic bacterium (rCpPL). To the best of our knowledge,
rCpPL is the first cold-adapted DNA photolyase to be isolated.
Both photolyases contain a noncovalently bound FAD molecule and their ab-
sorption spectra display unique features of the protein-bound FAD, suggestive
of temperature adaptation. Structural modeling of both photolyases revealed
unique features related to their respective thermal environments. The repair ac-
tivity of rSsPL, in vitro, was comparable to E.coli DNA photolyase (EcPL) at
ambient temperature, whereas the repair activity of rCpPL appears to be much
slower than its mesophilic and thermophilic counterparts. A comparative study
of the repair activities of all three photolyases (EcPL, rCpPL and rSsPL) as
a function of various physical and chemical parameters such as, temperature,
ionic strength, viscosity, and pH is presented. Denaturation studies on rSsPL
reveal its extreme stability as compared to rCpPL, which is extremely sensitive
to its thermal and chemical environments.
